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PROBLEM TO BE SOLVED: To reduce a layout area in an IC without deteriorating conversion precision. 
SOLUTION: Two sets of current mirror circuits 11,12 have a series circuit group consisting of MOS transistors(TRs) Q1 - 
Q7 and source resistors R1 -R7 . Thus, it is not required to make a voltage between a gate of the MOS TR and a DC 
power supply VDD equal between a high order bit group 1 1 and a low-order bit group 12 and the voltage drop by each 
source resistor and gate- source voltage of each MOS TR are adjusted uniquely to each group and values of R1 /R7 and 
W7 AA/1 are reduced. 
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i it** i ] mi nmftm t rnxmrmz . as i com 

O S h 5 V is*. 9 k V k coutt?iJ BS& £ Bf^RM 

k±feisi comfit kcofgn:. AJi^itfivm^zmi 

>-*X^«o£cO^D?:]Raj-t«k o\,zVtznMMSM : r : J9 

mmz . -f-iX-ftLCOScO^ 1 COM O S h 5 >- v'X ? k 

> i/'x ? coy- h mffiTOnSS? fc ±1231 l om&iSia 

^x^ky-xfiCik^ii^Jiiis&tr^t, ztt^m. 

com 2 CO M O S h y V y'X 9 CO H P -f > k ^ 2 CDm®M 
mz±.i&m 1 . IS 2 COM O S h 7 >- vX ? k j£@tt<7) 
msoMOSh^yx'X^Srfg^t, £*t£#ifflco!&3 
COM O S h y y*sX 9 k ij V V V 5 9-HIS&S:ffj£ U 
,Hl£>3§3C0MOS h7^> ; X^k|31«i'f4T\ V—Xtf 
±ieH 2 co«{4jlgtc, H W LT±fS 

m i con&mzmmzti. y- i- k h w 

T , ±t2£ific7DJS 3 COMO S h 7 y^'x^coy- F (Cjg 

k-rs«SEJDSCMx^^;Pr^D7^tlIS§. 
[ff*Jf 2 ] #»l$*Ufc_ttib> hffllcofflco^2coM 

osh7>yx? coy- htmi cowmmnm&z , 

Tftb'-y hffl!|c0ffiC0^2C0MOS h^^^X^cO^'-h 
km 1 co«(iiSHco«EJ; 0 *k &l> J: o (c Lfc i k * 

«f«k ^*aw5B i imcomrnxmstTistivTi-vy 

[Ht*Jf3] 4MPJ$<TJt#a<OJSl<0MOSh5>'>' 
X ? k £ 2 CO M O S h y V V X ? CO V - X fifit k £ ft. * 
8SDh.4«a[(= J: SmEEPTFco^S $ L <~f 

b'y h «lcofflco«ffi^T J: 0 *k $r* J: 3 tc Lfci k * 

wat -raw** i tm<7Mmxmmrf : J9)VTi-r3y 

[§1**4 ] fl-WSflfcS-ttO* 1 COMO S h y y=J 

x? k^2<7)Mo s h 5^^'x^coy- h&z&mmiz 
mt<-?z>kti>iz. ±eb* -y Micofflco±ffiy- 

Sr. TSb*Vhffi!|cofflcoy-h«J:*3M<^SJ:dK:L 
fcd k £#1&k-r6a*Jf 1 IBSlcof^jn^Sy^^^ 

[»*II5] ■ftmZtl*z&Mcr>mi<DMOShyy i J 
X9bm2<DMOSbyyiSX9<V7 t -hg : . f— MIS 

&tf f n ymsuc j: o t # & s y- h y -xigmjE* 



#ffl»c#t<-ri»k k U:, ±{2b*.y h{|lcofflco±|a 

y- h v-^bwes- , Tfib'-y hffliicofflcoy- f y- 

[000 1] 

[^Hjcom-r^s^^s] zomu&. &mmm*m 

foBmfttom h y >*JX 9 ( J31TM O S h y y iSX 9 k 

TD/Ak\^o) mmmzm-h%><r>X'hh. 

[0002] 

[«3tW>»«] H5(±^*C0«^«MD/A^M5C0 
-WS^BKH'T. 0tc*3V^T. ltiifisfittill (131T 
v DD kv^) N 2imM& (JilTGNDk^d) . 3(i 
4(im*fitil, Qi~Q„«b* y MSnfflcOD 
/ A^fflco P f- a- y OSh5yy'X^ ( iiXTm 
CPMOSh^yy'X^tl^) , R!~R n ttMOSh 

5 y vx 9 Qj - Q n co y -x k v DD i mizmmztitz y 

— XffitjiT. ©Ttib'-yh (Least Significant Bi 
t, JilTL SBt^d) co^iSRi C0SiJtffi*«fe*:fitT± 
fit'7h fc^r * tcoixJUft 1 / 2 izm'h L , fLhffib* -y 
h (Most Signi-ficant Bit, JilTMSBk^d) *C 

Ri : R 2 : R 3 : R 4 : - : R„= 1 : 1/2 : 1/4 : 
1/8 : ••• : 1/2"- 1 

[0003] Q^liZtV^MOSbyyiSXfQ^Qn 

k ti v y v $ y-m&*mm-hwmm p m o s f ^ y 

: JX9X\ J ttlCDV-X1}mf}LR U) ZiYLXV BD lt,Z^ 

y\s4 y&y- h k mm lx femffiM 3^ugnd 

X^Q,-Q n COy-hkMOS h5>-yx^Q 10 COK^ 

yfflz®ttztiizx4 - y ^x\ A^y^^/Ht#^js5 
^MOshyy ; yx9Q 1 —Q D , Q U <7)VU4 ymm.. 

V RE f MX-h c f t J9tV^mfi 0 (^7fsw,~sw n 

[0 004] H6 (a) {i±l5#PMOSh7>^'X^ 
co^^&t/vx^/^-ySr^-t^BH. KB (b) (i 
KfffiHT-, Ete&wc. DKi/yy, s(iy-x. G« 
y-h. L(iy-h^ s W{S>-*-hitg-C'S>S. C1C0MO. 
S F^yvX^cottV^mESrVTHo, HL^fy«SE 
I D . 3>r^yy^,8 itfilf. asHHSUUc^v^ 
T/3=K 1 W/LT\ y-hGky-X^COttEV G£ (i<^ 
^-C'*^ $*t£. ^dtCK^Kj tiJtMSStT** S . 
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[0 0 0 5] iie^MOSh^^xX^Q^Q,,, Qj 0 

criy-h&uzmLK. y-hiwii^Mosh^y-; 

Wj : W 2 : W 3 : W 4 : - : W n = 1 : 2 : 4 : 8 : •■• : 

2n-l 

Wi 0 =W,XR 1 /R 10 

U^-f*Ui\ ±Ey-hG^y-xra^«flEV GS {i^ 

[ooo6] mzzomftzmm-tz. a^t^/mi 

^rl/ZBtX X-f -yf-swj^swn^fnfix^, fiflRtfX 

!t^7fsw!, sw 3 ^LTMOSh7yy'X?Q 
j, Q 3 «oy-htV DD lBKc, 36«aHR3*»4.MOSh 

5 y ^"x ^ q, o tzm& $ ix& 1 1 o coSfiiRi o £ 
*«ert ( 1 1 o x r, o ) ^ ±iay- h y-x^iiv 

I, : I, : I 3 : I« : I„=l 
X4 •yf-sw 1 — s w n (C^JE-f|,MOS h^y^'X^Q 

, ~Q n tcath.* H u-f >m3$. I ! — I n #Jn££*ut mil 

aS**EE#ffla^OUTj^&JRiii$*L4. 
[0009] 

ti&imWD/A&miiTlZ. #MOSh7yyX^Q! 
~Q n <OHP>f >-«»Sl !~ I n j&* (1:2:4:8: 
- : 2"" 1 ) <?Mfct*j:h<?)X\ ZtlhMO S b 7 y : J 
X^<!0y-M|iW 1 ~W n =& ( 1 : 2 : 4 : 8 : - : 2 

( 1 : 1/2 : 1/4 : 1/8 : •-■ : 1/2"" 1 ) ft 

C9£#>.g> W bffiW^^ < =5: 4 b ^oX&tfhi 
fz. mU£. 7t*7 hD/A3S««?ti. MOSb7y 
i^'X * Q 7 (7)7-- h> iHW 7 £■ M O S h 5 V i^'X ? Qi 
-Maw,«6 4<gl:, V-xmKRieomrimZV-x 
ffiKR 7 <^fita:«<^6 4fSi:**. =5rfe. ifW-h* 
EV G Sr/Js§<-tix{f, LSBtMSBCOV-Xffifitit 
(Ri/Rn) avy-MHtt (W n /W, ) J4/h$<3:S 

[0010] £tf>«f9itt. iffiOJ 3£|BBg££j*f|W- 

i c^couj hmmt'i^ <■?&•! b^x-z &n$i 

JiaaSD/ASHftHIBS: 3 4 £ i: * IWfc LT 1^4 . 
[00 11] 



gs &aoifc«(c»Uvv-)t«y- h«EE ( v e = 1 10 x 
Rio+ v gs) tfmwztiz,. zlx. Mosr^yyx 

?Q 10 . V-XffiijtR^tMOSb^y^'X^Q!, 

Q 3 > V-^BKRi. R3tT-fl§j££;fx4#^yh $9 

-UlS&tCio-C. MOSh^yy'X^Q,, Q 3 fc{i#3S 

t^-Tffico KW yWM 1 1 . 1 3 *Wi4 . 

I^CVs-VesJ/R^InjXRjo/R!, I 3 = I 10 
X Rj j/R 3 

[0007] ii-C. Ri = 2X2XR 3 %cr>X'&JlW. 
SiE I out'4 

Iout=Ii + l3=Iio x FtioX (l/Rj+l/Rs) 
= 5 x IjqXRjq/Rj^ 

fcfr4« iP*>LSBOT^D/mgSffi (I| = I„XR 
io/Ri) ^j&RTlOUSK 1 0M^.X'5m^Hit) 

[00 08] fiP*>. #MOS h7yy'X^Qi- Q„^V 
-Xffi*iRi~R n #J^<9W(*fc*4a»&, #x-f -y^ 
s w, ~ s w n if* y L 7tl£e9#M O S h 7 y : JX 9 Qj 
~Q„CDK W y«sS I i~I„« 
: 2 : 4 : 8 : - : 2"" 1 - ( 2 ) 

i com o s h- 7 y 9 1 v -xsia i: <r>m.ym$& z m 
imMMizmmt. ±Mttmi<7)Mosh7>isx?<?> 
y-ht±iminm&mbc?)mz, 
izmtxmmth&x-i y^iYLxm^y-hmK 
$r epjd l s ±mtHi^m^h±Mx-f v^ycomi<7) 
h?>i;x?mm.<ommzmtii-t£ o tzLizwmmm 
^it9)VTi-vy^wmmzi5^x. ±tami<?)Mos 

h 7VyX?h y-XffiJJtfc <7)it?iJlHl8§^$raiSffl^7J- 
X^t^l^>h5 5-HIS8S:^L, Ztl^lcOMO 

shy >=jx?cr>7- bmKwmm L t±^m 1 con& 

fflfflltZ , y— hi: KU^f y $ ft*:Sii 2 <OM O S h 

2 <o m o s r- y y ? o h u y t m 2 
fiaonic±e#&i. i§2oMosb5yv : x^i:i^ 

tt^3cOMOSh^>vX^Sr^t. 

^ 3 O M O S h y y =Jx 9 1 * \s y h S y - HISS 5r fgj£ 

d^^^30Mos h^y^'x^^isifiittT', y- 
x&imsmi 2 <7)mm.miz. KL--f y*^«ss[i®sr^ lt 
±ie^ i com&mizmmzti. y-btvuj 

$*VC, ±K^fflcogl3cOMOS h^yv-'x^co^-h 
lcJS«S*ifcJB4 <0M o S h 9 y ^*x^ $riSft3t tcDT' 

[0012] ±IB<7)^<7)(;*jv^-C. ttmztitzl. 

GLt'y hffl!l«^ffl<?)^2<?DMOS h^y^'X^COy-hi: 

^ i ommmmcnmE. * . T<a t- y h fflicoaco^ 2 co m 

osb7 y yx^coy- h 1 comfijsracomEi D 
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[0 0 13] JJW>t>*>(c*H,\T. #W$*tfc# 
fflcomicoMOS h5y^'x^tsg2c7)MOS h7yy 
x?<7)V — xjgfli t Zti&Witi h WM.te i. h WEMTco 
*Z2Z&*miz&L<1-$>bkl>^ ±<ib'-yMH<0 
ffl«)±£*ffl*T*. Tftb'-y hWtf>ffltf>*jEERT.J: 9 
olzLtzi>cDX'3r>h. 

[00 14] Zt>lZ. ±3&<7)b<?)lZi5^X . ftWlZtUZ 
&m<7)m 1 cr>M O S b y y=JX ? t m 2 <50M O S h y V 

b'-y MBJ«a^±le^'-b^^. Tffib' y h(BJ<7)ffl<7)>-' 

- J; <0M< tth X o lz Ltz i><T>X'fo h „ 

[0015] $ hizttz. ftMztitz&mwm i como 
y-h<m%.xsFi"( ym^zx^x^t^-y-hv 

-^StE^ MftCf L < t S 1 1 1 ±{4b'-y h 
[00 16] 

iwncommcomm] 

mmnivm i. mi tiz\<mm<r>mm<omm 1 £^-rm 
niictj^-c, 1 «±m ^a**awt-r*iffa««v 

DD , 2*i»2^)«{l*Srfl|lft-t4te*fcaGND, 3«S£ 
USES. 4iiaj*JK£. Qi— Q 7 ttt*vha7<0D/A 
^J&fflOggl^MOS N^yy^^t^liPMOS hy 
>i?X?^ Rj— R 7 liMOS b^yv ; x^Q 1 ~Q 7 coy 

[0 0 17] Qnl^KOll KDMOSYyyiSX? 
Qi , Q 2 . Q 3 bZtl^coxj 7f sw, , sw 2 , sw 3 

h^yyxn^i.PMosh^yyx?, R,,ji£*> 

MOSh^y^^Qn^y-XlJt, Q 12 tiSS2<osifl 
12<0MOSh5yy'^Q 4 , Q 8> Q 6 , GtTtZtlh 
'yf sw 4 , sw 5 , sw 6 , sw 7 i 3 ^"y^(;^l/ 
V h 5 7-®8§£rfitj£-r.g>Si?2?>MOS h^y i^X^T 
MPMOSh^yy'^, R^MMOSb^yy'X 

?Qi 2 <^y-xffitjiT'$>&. 

[00 18] Q n liPMOS h7yy'X^Q n (7)KW 
y i: G N D 2^CiI?iJ fcS8RS*UfcJS 3 c7)MO S h y > 
yX^t*>SNf ^y^;WMOS h7yy'X^ (JilT 
NMOSh7yy^^iV^) , Q !2 liPMOSh7y 
^X?Q 12 <OKk-r ytGND 2P B ^cit5iJ^ji$ix^ 
^3«MOSh7yy'xn-|>SNMOSN7yy^ 
*\ Q 30 «i. Ifl^NMOSh7yyX^Q 21 , Q 22 i; 
*l-yh; 7-[s]S&&ftj£ ^- h t K W 

y-X*5GND2C. HM ^^8S?®3 Sr^ 
UV DD 11C, ^'-h^NMOSh^V^X^Qn, Q 



2 2 h ic-en-ms^s *ii> m4 cdm o s n y y v 
^n-i)i.NMosh7yyxn'S)ii, 

[0019] I i~ 1 7 . I„, I 12 . Iao^MOSh 
yyiSXtQi — GiT, Q„, Q I2 , Q 30 OF W yflMft 

Il/l2= I 2/ I 3= I 3/14 = 14/15= I 5 / I 6 = 

I 6 /l7=2 

EP*> (2) ^t^^.J:3. #ffll l&tfl 2^ffifitR 
,~R 7 £ 

RjX I 1 = R 2 X I 2 = FI3 X I 3 = R 11 X \ 11 
R-4 X I 4 = R,t> X I 5 — Rg X I § = R7 X I 7 = Rj 
1 2 

R-l /R-2 = R2/R3 ~ 1 / 2 , R4/R5 = R5/Re = 

R 6 /R 7 = 1/2 

In<Ri 2 X I12. BP*>mi^ffil l^)y-XffiSi<0« 
BMTZm 20«12 J; 0 /hS < %6 X 0 mizt 
S.^T, R 3 /R 4 < \/ ItzhS* dlS^$fil>. 

[002 0] #«OMOS h^V^'X^Q! — 
Q 7 . Q11. Q lz <D7-h-&$:L l '~-L 1 , L u , L 12 . 
y-MS$rW 1 -W 7 , W„, W 12 fc-f;h.lf, <m^^M 
«^ 

Lj = L 2 = L3 = Lj 1 , L4 = L5 = Lg = L 7 = L] 2 , L 
ji >Lj 2 

b, B.Q*>. Ml*l<0M O S h 7 y y'X^Oy"'- 
L<, -etT. miOffll l<7)^'-b^m2c0ffll 2 
cWi J; 0 ^rS J; 0 Sfcjgf S . 
[002 1 ] $ JJE ( 1 ) Xcoy-bMty- h 
ifilOJttC X ->X * * -5 #M O S h 5 y : J* 9 Qi ~Q 7 , 

Q11. Q12. Q21. Q22. Q3o^^ ^ '-^y-x^«Ev 

gsi"^V GS7> V GS11 , V aS i 2 , V GS21 , V GS22> V GS 3 0 

^GSl = ^GS2 = VgS3 = V 6S j, , V GS4 = V GS5 = V GS6 = 
V GS7 = V GS1 2 • 

Vgs2i = V GS22 = Vgg 3 0 , V GS11 <V GS12 
t. BP*>. Ht#l'>-b7-X®i&£1fj£-r.g>MOS h 
7>>-*X^coy-hy-xra«E2r^t<. -etT, IS 
ltfOffll l^y-hy-X^m,ESrlS2<50ffll 2<0^-n 

M O S b y y S^'X ^.Q ! — Q 7 CO 7— Y ilfW, ~W 7 (i 
(1) iCJ:0Bfl^J:3tc 

w,/w 2 =w 2 /w 3 = 1/2, w 4 /w 5 =w 5 /w 6 =w 

6 /W 7 =l/2 

k«r*. tztzL. w,/w 4 >i/2«r*J:di5lS$*t 
*. 

[0022] ^C-?-<7)»t^S-SiBJ-r-5.. |g3 0NMOS 
h5^^X^Q 21 , Q 22 ^4(0NMOSh7yyX^ 
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<DNMOSh7yxX^(0y-bi:GND2^y-h 

xfUmffv GS21 , v GS22 , v GS30 ^L<^^cta#M 
osh^y^'x^cHW ii 2 , i 3 o* { »S 

ill). 'ft^HW^mSali. #MOSb5y^^ 

Q21. Q22. Q3o^^ — i"^ft^L2i . l 2 2. l 30 . y— 

MH£w 21> w 22 , w 30 fcu L£iMimEv IH0 (2pig 
h^v^^-C^L^h^ixtf, ±K ( 1 ) jU: 0 
Iii = (l30 x W 2 ,XL 30 )/(L 2l XW 30 ), 

I 1 2 = ( I 30 ^^2 2 X L'3o)/'^^-'22 ^^3o) 

fcsfiri. ^ft^FW>«^I n &t/I 12 #3S2<7)P 
MOS N^/^^Qn^QizCKU^ L"C 

[0 0 2 31 4". A^xV^VMi-f-CiEtTX-f y^-s 
W!-S w 7 c7)MiXA 1 J& < . ^Rti'X-f 7f sw,, sw 3> 

»fsw,, sws^UMOSh^yyX^Q!, Q 3 
<7)^'-hfcV DD irate, MO Sh^^v-'X^Q, 

iiXR„) fc±IEy-hy-X|BWEV G siiS:linifcffi[ 
t3SLlv-jg<Z>y-MKE (V G11 = I„XR n +V 



Qiis V-XffitiiRii tMOSh^y^Q,, Q 3 , 

y-xfifitR l( R 3 i:-c^3n-?»^^yh$5-iiiS8 

SVTffiiO H W ymSE 1 1 , I 3 *>'8iax4. 

11 = (V G11 -V GS11 )/R 1 =I„XR u /R 1> I 3 = 
1 1 1 X Ri 1 /R 3 

[0024]-^, ^■yUcX'f'yfswj, sw G ^ 
UMOSh7yy'X^Q 5 , Q 6 ^y-hi:V 0D ira 
lz. mos h^y^'x^Q 12 ^tt»&$tLSH^-f vmSiE 
I u OfiifiRi 2 tcJ:S®EI^T ( I l2 xR 12 ) b±3&y 
- h y-X01EV GS12 «rJn*.fc«TCUSU*— 
h«S (V G12 = I 12 XR 12 + V GS12 ) *>'EpjD§il4. 

-e-LT, Mbsh7yy'x^Q 12 , v-xffitSRufcM 

OSh5yy'^Q 5 , Q 6 , V-X«IR 5 , RetTif 

I 5 = (V G -V GS12 )/R 5 = I 12 XR 12 /R 5 , I 6 = I 

12 X Ri 2/R6 

[0025] -eix-c. ajamsK 1 0 u t « 



Iout= ii+ 1 3 + 1 5 + 1 8 

= I 11 XR u X(l/R 1 + l/R 3 )+I !2 XR 12 X(l/R 6 + l/R 8 ) 
= (l+4 + 16 + 32)Xl 1 = 53I 1 



fcSrO. iW{B*««Io»t* s ai*iBffi4t=atfi. -Ml 
miX*V£iXZ>X4 7 f sw,-sw v {:S)£tl,MO 

s h v yitx?Q 1 ~~Q 1 i,z%iLtL& k w >m%i 1 x — 1 7 

[0026] JiLh<0J: 0 fc. iOiafcaJBttTtt* Si? 1 
OMOSh5>^X?Qi~Q 7 £2ifIfc#(tT. -fix-f 

h 7 y yx^<oy- f i: v DD 1 mv>?- hn&zm l < 
T. #mo s h 7 yy'x^of - b y-x^fEfiM 

y-h4i£fSg-$-*Uf«fc<, LSBJffl0^1c7)ffll 
1 t M S B08I<7)Jf5 2cr>m.l2t T^tlWAB^IUzM 

[0 0 2 7] «a0n«ffiD/A3flaiWWi, ^ 7 fsw 



THOb 



OUTfcWEffijWttflSfl*. J:^TD/A3HiW>iI* 
lfflPMOSh 7 yyX?, Q b {i«I<7)MOSh7>-^ 

x 9 Q a b ij \s y h 5 y-mnzm %> p mo s h 9 

s «y-X®lfiT', SMOSh 7 yy^^Q s , Q b T-^ 

[0028] 4. Mosh7yy'x^Q,, Q„«y-b 

y-xP^l:JE$rV GSa> V GSb , 3>-^^yxSr/3 a , 
/3„. L*V>tt«E£V IHOa , V IIIOb fc-$-*tff» V GSa + 

Rs x lref = VGSb+Rs x Iout.N fi£"?*C 

V G s b — V GSa + R S (I ou t — l re f) == 0 

n&2] 

-v 1E0 .+ R s (i ollt -i ref ) = o 



£ a =/3, /3 b = /3+A/9, I ref =I, I out 

V GSa = V GS' V IH0a =V TH0 



I + A 



yiHOb _ v TH0 + A 



v IH0 b-thb 

[S3] 
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^L x ^ ( ^L + ^ ) + A v Tao+ R s Ai 



A I... 



(V cs -V T(0 )/2 



R s xi+ ( v g S - V t M )/ 2 



[»4] 



A V, 



A 0 t A V T „o *«»4g*T* 4 4: -T * » 
A I .... 



(V cs -V Tao )/2 



[0 0 29] .Ic?) (3) ^#*#^>"h$5-[I!S&<7)Sy 

(3)ss;j:0Rsxi tef (otffij 



A I out/ 1 out I 

c?)J;3t~, R u x l n <R 12 x I 



HP*>MSBffl!|0|g 



2 <OH 1 2 O V - *ffiffi<0*JEERTF# . LSB log 1 

LSBffl^i««i l-CJiy-XfititRi-Rs^ 

[0 0 30] *7t, MSBI^2^il 2<7)MOSh 
7VyX;?Q 4 ~Q 7 oy-hj|L 4 ~L 7 fr\ LSBfflkO 
ll^il l^MOS h^y^'X^Q^Q^y— 
L 1 ~L 3 ii5M<^Si3i£^S*tTt3SOT. (1) 
afcfeWC, y-hy-^iaHtEV 66 *-^i:Lfc«^ 

«Sr*L<-$-**&tcJtU ^2^11 20MOS 
y-^X ?Q 4 ~Q 7 <oy- MH W 4 ~W 7 5r/Js§ <fl> i fc 

[0031] $MC, SS2tf9ffll 2»MOSh7y^ 

Offll lOMOS h^y^X^Qj—QsCO^-hV-X 
ra«£EV GS1 ~V GS3 J: 9*3: l> X om.%.ZtiX&Z>cr> 
X\ ( 1 ) sSfcfcwc. y-^Lfc-JEi: tTtlllt 

1BSE i D fraw-wt;: . as i , » 2 <r>®x°y- b v 

[0 0 32] JiLhOia^, MSBffi!|c7)^20ffll 2CO 
MO S h =7 yi?X b«£ L S BjltfOSS 1 <7)ffl 1 



0 

[»5] 



(V cs -V„ 0 )/2 



A V, 



CV cs -V 7g0 )/2 



(3) 



>^X^oy-hV-xra«JE2rmic0ffll IcO-etiJ: 
9*fc=5r&J:d(cLfccDT\ _LS£oJ: oiz&2comi 2 
<OM O S h 5 y * Q 4 ~ Q 7 cr> Mg£ ^ t < 

<7) W T*7 WCA^ &W1S£ A^TrS M S B{B|<7) 

y- Masters <-$-&zt 4 . -etx. lsb 

W^SS lC0fill<0MOSh7yyX^Q, ~Q 3 T'tiy 

- h « L , - L 3 y- h ®Wi ~w 3 J: 0 

[0033] mm<7)&M2 . 123 \±^<r>w%w$m<m 

V DD . 2fc»l<^a«frflMMT*GND, 3 
ti£«SE&U 4ttiB:*J»sfiu Qi~Q 7 {4b* y h»7tf)D 
/A^fflcom 1 O S h y y =JX 9 X'h h N M O S 

*\ ouTii^5», VREFfiA^y'v^/Ht^'o 

<59»#<7)ai^SJEffi, Q 11 (iIl<0lll^2«MOS 
N7yy^n'35§NMOSh7yyX^, R n l±ZCO 
MOSh7yyX^Q„(7)y-XfiSi, Qi2«±m2£7)iffl 
1 2<7)3?2<7)MOS h7Vy'X^tMNMOS b5>- 

[0034] Q 21 IJNMOSh7yyX^Q n (7)Kl/^ 
y-i: V DD 1 mi,zm.mzm^tltzm3cr>MO S b7>y 
X?t*MPMOSh7>yX^, Q 22 (iNMOSh7 
9 Q 1 1 cr> H !✓ 4 y i: V D D 1 ISICil^tgfi^^iX^ 
Sh7yy'X^tM PMOSb7yyX 
^, Q 30 {i. dft^PMOSb^yy-'y^Qj,. Q 22 i: 
^l/y-hS7-0K^«fi!ct. y-hkHU-fyjWilS 

y-x#v DD i£, Hw-f >-*^«»gi®3$-^-L 
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xmSPMOSb^yy^mi., BP*?. «I<OH 

[0035] Ii~I 7 . In. 1 12. I 8 oH*MOSh 
5V^^Qi~Q 7 . Qn, Qi 2 . Qao^^'^-'f >"8o* 
T\ ^it^#&tn;Ri~R7, Ru, Ri 2 i:<oBB«ttfS 

moans i k mmx-$> s . ip % . i conjfecoisai 2 

^tt, #ffll*Jco y -xttifttfttERT*** U < , j&» 

x. 35 1 com i<o<y-Y-&tfm2<7)mi 2<r>^Ki. 0 

^X^oy-hV-XUKEEjWK. SSlco 

ffl 1 1 <oy- h y -xfsra;ff #31 2(^112 cnzix x <o 
[0036] mm<omm3 . m4itzv>mi<?&m<?>B 

JB3*S?rBU»HT» latc^v^T. 1 telill <om{ii®£ 
fltj£-fSV DDs 2t4l(S2<0«tl**«JiE'r*GND. 3 
{456*8**, ^lajflJStft, Q^OgJib'-y bffc9<OD 
/A^mmcDW, 1 COMO S h 5 fa^X^T** PMO S 

coy— XffitrL swi-sw^UAfy^^Hx^f 7 

cOB§coai?Jttfflt. QnJiSglcOffll lC0|fS2cOMOS 
h7yyXn'l>| 1 NMOSh7yyX^, R u Ji:<r<0 
MOSh^yyX^Qn^y-XSfit. Qi 2 <im2COffl 
1 2<OgS2cOMOS h7VyXn'feSPMOS N^V 
5/X;y\ R 12 C1COMOS h7V^X^Q 12 C0V-XS 
tit. Qi 3 {±^3c0ffll 3cOgg2cOMOS h^VyX^t 
MPMOSb5yy'X^. R^dcOMOSh^yi'X 
? Q 1 3 CO y -XStilT'fc h . 

[0037] Q 21 liPMOS h^y^'X^QuCOK W 

v DD l H£ffiWcgM&§ fiasco mo S h y Vis 
xmSNMOSh7yy'X^, Q 22 liPMOSb5 
>->-'x?Q 12 cok W 2y^V DD lHI{=K$l(ctttt$iub 
^3^MOSb7yy'X?tfcSNMOSh7yyX 
*\ Q^liPMOSh^y^'X^Q^cOKW >-i:V DD 
1 ISIfcii^Ki^£*UfcSI3*>MO S h 5 yyX^tft 
I.NMOSh7yyX^, Q 3 o«~ CiX^NMOSh^ 
>-^'X^Q 21 . Q 22 , Qzat^L-ybS^-HISSSr^ 

u y- b i: Hi^-r >#*t*&£ix, y-x#v DD 1 c s 

KW >-*^me£iS3 2r^LTGND2tc:. y-h&P 
MOS h^y-^X^Qj!, Q 22> Q 23 coy-bt-?-ix-p 

:fxSM^£i"l&3l4 C0MO S b y V'JXfX'foh NMO S 
hyVi/XfX'&Z. 



[0038] I x — 1 9 . In. 1 12 . 1 13. I 3 o<i#M 
OSh^y^'X^Q^Qg. Q u , Qi 2 , Qi 3 , Q 30 CO 

hw >m$&x\ 

ii/i 2 = i 2 /i 3 = i 3 /i 4 = i4/i 5 = i 5 /i 6 = 

I 8 /I 7 = I 7 /I 8 = I 8 /I 9 =2 

k&l>J:3 . 2»Ki£SiRi~R 9 £ 

R 1 X I ^ = R 2 X I 2 = R-3 ^ ^ 3 = 1 1 ^ 111 

R 4 X I 4 = R 5 X I 5 = R 6 X I 6 = R 12 X I 12 
R7 X I 7 = R 8 X I 3 = R 9 X Ig = R 13 X I j 3 

R 1 /R2 = R 2 /R 3 = 1/2, R 4 /R 5 = R 5 /R6=1 
/2, R 7 /R 8 = R 8 /R 9 =l/2 
OMfiRCK^-i. ^LTdco|ISfico®«-C'{i, R u x 
I u <R 12 x I 12 <R 13 x I 13> EP^LSBWcOfflcoy 
-X£Stcomffl$Ti& M S BffllcOfflcO-e^i "5/Jn$ < & 

[0039] 4fc, #fflcOMOS hyyiSXfQi — 
Q9. Qu- Q12. QisCOy-hHSrL^Lg. L u , 
L12. L, 3 , y-bdSrW^Ws, W u , W 12> W 13 £ 

-mix. ztii>cDmi%z 

Lj = L 2 = L3 — j , L 4 = L 5 = L 6 = Lj 2 , 1^7 = Lg 
= L9 = Li3, Li 1 > Li 2 > L13 

fc, fiP*>, ^-fflF^coMosh^y-^'x^coy-h^*^ 
L<. -etr. LSBfflicofficoy-h^^MSBfflicofi 
co-e^ j: 0 J; 0 iss-r s .■ 

[0040] ^MOSb^y^'X^Q^Qg, 

Qu. Q12. Q13. Q21. Q22. Q 23 . Q 30 coy— hy 
-xstEv GS1 -v 6S9 , v GS11 , v GS12 , v GSl3 , v 

GS21- Vgs22- V GS23 , V GS30 2: 

V GS i =V GS2 = V G s3=V GS u , V GS4 =V GS 5 = V GS 6 = 

V G si 2 . v GS7 = v GS8 = v GS9 =v Gsl3 , v GS21 =v 

G5 22 = V G S23 = V G S3 0 • V GS1 l < V GS j 2 < V GS 1 3 

5y^"x^coy-hy-x^mES:#t<» ^lt, l 

S BWcOificoy- h y-xS«EE$rM S BJfflcofflco^-ix 
<tO^^< ; 5:SJ;o^-r^. C^i;-?T. #JSlco 
mos Yyy : Jx ? Qi ~Q 9 coy- MSWj ~W 9 (i 
( 1 ) iftJ:K)We>%£olz 

W 1 /W 2 =W 2 /W 3 = 1/2, W 4 /W 6 =W 5 /W 6 =1 

/2. W 7 /W 8 =W 8 /W 9 = 1/2 

k^^. ?t>t'L, W 3 /W 4 >W 6 /W 7 >l/2:$:&J;3 

[0041] ^^cotit^^UiHj-r^. IS 3 CON MOS 

h7yy'X^Q 21 , Q 22> Q 23 k^4cONMOSh7>' 

>-'x ^ q 3 o t 1^ y h 5 9 *rc 0 . 

^il^cON MO S h- y yv'X^coy— h i: G N D 20cO 

y-h«s. y-xffifit*<^$^Ti<^vwr% y- 

bV-X01ffV osn , V GS22 , V GS23 , v GS30 *<^L 

< X a #mo s h yy : Jx?lz Hi^-f y«a 1 1 1 . 
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i la, i,3. i 3 o#wu>. ztihwvj ymmn. 

^MOSh^^'X^Qj!, Q 22 , Q 23 , Q Z0 (T>y-h 



-23 ' 



-3 0 • 



y-MB£W n . w. 



22 - 



■SS: L 21 , L 2; 

"w 23 . w 30 fcU L^^ffimEVTHoti^h^y^'x^ 
■C*Lv^fc-«Uf, _tJ2 ( 1 ) 5ft J: 0 

111 = (l30 x W 2 iXL 3O )/(L 2 i XW 30 ), 

1 12 = (I 30 XW 22 XL 3O )/(L 22 XW 3O ) 

113 = (l30 x W 23 XL 30 )/(L 23 XW 30 ) 

fc=Sr*. d;h.£>?)h'W y«ain. ii 2 &T/i 13 #3l 

W,~S WgOHft-* 1 **. fiBRtefX-f 7f SW,, SW 3 , 

•/fsw!, sw 3 Sr^-tTMOS h7>y*X^Q, , Q 3 

<oy-htv DD iiat:» Mosb7yyx^Q„tM 

Six-g. KW>*8SlM<offitfcRiifcJ:**EI*T ( I 
,iXR„ ) i:±iBy-fy-xS«EV GS11 ^Jni.Jtffi 
t^U^— ^<7)y-h*E (V en =I u xR n +V 
gsii ) ^"EPJD$n.S„ -f-LT. MOSh^yy'X? 
Q,i. y-XlSRutMOSb^yy^Q!, Q 3 , 
V-XffifitRi, R 3 i:T-«{R§^?»^l/>'hS7-lBIS& 
1 ICi-oT. MOSb^yy'x^Q,, Q 3 Wi^fc 

I^fVGn-Vosnt/R^InXRu/R,, I 3 = 

Iout= I,+ I 3 + I 5 + I 7 

= I U XR U X(1/R 1 + 1/R 3 ) 
= (1+4+1 6 + 64)X I, 
£3: 9. ^ft^mai 0 ut#tt^8ctii4fc^u Ztl 

UT{caj;»j£ft&. .roJ:pK. A^x 4 ^/Hl-^; 
iStT^-ySn.-i.X'f 7fsw 1 ~sw 9 t:Sl£tl.MO 
s h 5 ^ Q, ~~Q 9 \,zWxh Y W >W3i 1 1 ~ I 9 
#'Jng£*vCltt^ffiK4fc8Six. Aflx-r V9tvmmz 
»KUfeT^o^aj*«EE*«aj*«H 5 -OUT3&»^]R{liS 

[0046] JilhO J: 3 te, SB 1 

ixWcO*?Uyh$.7-\sl$&Zffi&LZ-£fz<D-Z\ ^MOS 
h^>-yx^oy-hi:V DD l^y-hmE^^L< 

^-MJiitillfK, LS BOOTHS lOiffll 
1. 4>raom2^ffll 2m/MSBM<7)f&3cr>Ml 3 b 

[0 04 7] dOHS6cO®«T-t,±^J:d^. R,,x 
I n <R 12 x I 12 <R 13 x I 13 . aP*>MSB«<5D«C0V 
-xjgfitomE&T**. L s BMnmo-ZtiJ; 



1 1 1 X Rj ! /R 3 

[0 04 3] ^y-UtX'f 7fsw 6 |r^LtM 

OSb^yy'X^Q^y-htVm UUlC. MOSh 
7>iSA?Q u lzm& £tl%> 1 , 2 OfifiiR 

1 2 K J: &mfiEPTF ( 1 1 2 x R, 2 ) b IMZV- V V-X<ffl 
mEV GS12 $rJp^Av:ffi^tv^-^y-h«£E (V 
Gi2= Ii2><Ri2 + V GS , 2 ) tfOmZtiZ. -f-LT, M 
OSN5yy'X^Q u , y— Xjgi5tR 12 i;MOS hy> 
>-'X^Q 5 . V-XffifitR 5 i:T'1i«§m»^^VhS7 
-W12tJ:ot, MOSb5yyX^Q 5 Wi<U 
KSrtffiO KM 1 5 tfWxZ . 

I 5 = (V G -V GS12 )/R 5 = I 12 XR 12 /R 5 
[0044] *yLtzX4 7fsw 7 J^LT 

MOSh5^iy'X^Q 7 c7)y-hi:V DD i|SK=. MOS 
h 9 y^'x ? Q, 3 \,z&m%tih FW I ! 3 Offifii; 

r, 3 &c±&mffl$T ( 1 1 3 xr 13 ) t±ie^-hv 
-x0t£Ev 6S13 zmttzmzm L^—fecoy- bm& 

(V G13 = I 13 XR 13 +V GS13 ) #EpflD£;h.&. -et 
T, MOSV7yy'X^Q 13 , V-XMR 13 iMOS 

h$5-08H 3£+.-?T. MOSh5yy'X^Q 7 C 
ti&sU^f ffi<?) h W >9M 1 7 *Wt.S . 

1 7 = (V G — V GS i 3 )/R 7 = I, 3 XR 13 /R 7 

[0 045] *ixx\ aa j± 



+ I 12 XR 12 X 1 /R 5 + I 3 X R 13 /R 7 
= 85 1, 

< . LSBffllfcOffiT-tiV- 
[0048] MSBW^MOSb^yy'X? 

oy-ML^ LSB{|Jc7)-eiXctO«< : 6r-l > J:aiS€ 
«<ir*J4<0"C. y-hV-XiamEV GS $— fekLiz 

M-&x*i>m tmsi 1 D Srarrofc:. ^tuomos n 5 v 

^x^oy-h^L^^t<-r^^rfcitt. MSBI 

[0049] MSB»fiOMOSh7>y'X 
?<7>y-h V-xra«EV GS *^ LSBffi!l(50-?-ixJ:07V: 

fcrat«8Kl D &8W<OK. ^TMOSh5yyX^ 
T-y- h v -x^«E v GS t < LtzHr&lzlt L , M 
S BfflJtfOfflcOMO S h 7yy'X?^'- MSW*/h$ < 

-thzbtwmb**,. 

[0050] JjLhOipfc. MSBIWMOSb?^ 
x^<7)y-'-h^S-LSBffl!|(50-eii<i:Offl*K. $4>tcM 
S BH(0M O S h y V zSX?<?>y- h V-X^mES: L 
SBWCOZtl£*)*b%&£ol,Zl,tl?>X\ ±j£<D£o 
IZM S BflOlcOMO S h =7 ViSXfW- MHS-^L</Jn 



(9) ^^9-19 1252 



?C0V4 T*7 Y lZti^X±^ 3r®»£ A^T-f £ M S BID 
cr)y~hWmZ'h2<-tZ>ZbtfT'Z&. ZLX. LS 
B fflCO M O S I- 7 > i?X 9 T'(i y- b Jl L &tf y- h- ipg 
W*<^*J: 9*£t£5££ix&co-C\ -eti*fftl&s£»;&£ 

[005 1] =5r*3. ;o»iOii3t'(l mi , S?I2 
<7)MOS h^V-^^Qj—Qg, Q u , Q 12> Q 13 £P 
MOS h^y^'X^tC. ^3. SMcOMOSh^Vi-'X 
*Q 21 . Q 22 , Q 23 . Q 30 ^NMOSN7y^^i;L 
dftSrHMtfrnt^cDidt;:, mi, ^20MO 

«MOSh7yy'X^5rPMOSh7>-yX^{;LTi 

^c7)HM^«3tlimi^MOs hyy 

•y &tC4 fflELUMt* i 1 *> fc 

[0052] 

fc, JjllcOMOS h7>i/X?tV-xmAt(r>W.n\B\ 

^^ioy-hi:±iemi<^«eagi:cop B itc, A^y^'* 

tmm.? i J?)VTi~x3yym®mz%>^x „ ±sm i <o 
mos h?yi;x?tv-xmKk<mmmmt*im 

mzML ^ft^'ixcOfflcO«-l&lcOMOSb 

OTosb^yy'x^ <oy- h n&mn^t m i com 

h &®.cr>m 2 CO M O S h 7 y y'X ? CO h* U -i > t m 2 CO 
*{aaWf3fc-tie#SS l.|g2cOMOSN7>'vX^i:i£ 

com 3 com o s h y y is* 9 1 ti v y h 5 7-®m£ffi 
fi£L. dix^H3cOMOS h^yxX^hlil^ittt', V 
-**U:iB8& 2 ertKHBte, FUJ ytffeWMMZitl 

x±mm i omtawessasfis y-htHW yum 
®$tix. ±iE^ffl<om3coMos b^y^'x^coy- 

x\ &v-xmmz£&w±m : . #Mosh 7 yyx 
^coy- hy-xitffj, LSBfflicofflco^ix^hs 

5-0S§i: M S BffiUOfflcO^ ^ y h $ 7-®S$k X-Ztl 

*tm&GWBrc*. *tuz£*)v-xmm. y-t- 
y-hv&&zztL?tm&<7)mi,zmm-&cibx\ 
mmtftsK. ^f-yv-iT^hwmt'bis^hzt 

[ 0 0 5 3 ] ifz. ±K<0*>cOKfc^T . 4HWS*ifc_L 

{it'-y htm (msbi) cofflcoivios h^y^x^coy 



-btmicommmcomzz. T&vvhm (lsb 

fflS) co$flcO*ftJ:9±&l>J:dlcL5tcoT\ 

* cO»j£#A# < & M s B {fflco^ U y h * 5-0 

[00 54] £tz. ifficoicoKjoVvc, ftMZtlfz& 

mom i co m o s h y y vx 9 1 m 2 co m o s h 7 y $? 
Afcov-xmLt ztizmtiz mmzx & «ei^tco 

^^MSCfKntHl:, MSB'ticofflco 

iz LfzcoX\ M s BffiUco^ uy b 5 

<*4i:i:tK:. LS BfflcOMO S h^y^'X^coy- 

^JglJiffiSr/h$ <l£5gT£ . fifiicOitl^-^^'t-rtLtf 

[ 0 0 5 5 ] § ^tc, ±fficotcotfcU-C, 
=S-fflc0|g 1 <7) M O S h 7 y zsX 9 1 W. 2 COM O S h 7 y 

isxfcoy-h&z&mmzmLK't&tt i>iz^ ms 

Bffl!l<Offl£0y-hS^, LSBffl||cOfflcoy-h^J;0S 
< 3 5rSJ:acU/v:coT*, MSBfflUcoMOS h7VyX^ 

PBb^'hS < & 0 . LS BficoffliOMO Sh^yy'x; 
>-m»£2r8£-r<0^y- bl®Z t> AfclS^-C^ l»cOT\ * 

[ 0 0 5 6 ] § 7J-fJ$^=S-«com 1 C0MO 

s N5yi/y;^i:m2coMOS h^y^'x^coy-hy 
-^.(SI«ffi5r#ffl«c#L<-r?.i:i:i>^. MSBffflco 

ficojhiey- h y-^msasr . l s Biicofflcoy- h 

y-x^«JEiOAi:^-l>i:3tL^co-C-. MSBfiOr 

imosb7yisx?coy-bmt:im:i.K)&<. ls 

hffi«5: Afl-f?. M S B{||COMO S h 7 yiSXfX'W* 
9 — yVA T'7h®«^/h$<T'#. LSBffiOOMOS 

X'^ht^oMifihh. 

[Hi] i oftwcom&coBm 1 s^-rnis&ia. 
[02] mmcomm 1 oiw* kwt 4 fc«>oEi» 

[03] i coftwcommcDBm 2 Sr^-rms&ia. 
[ 04 ] i comiommemm 3 &^-r0ss0. 

[05] «g*cO^SSJDmSD/AS^f?cO-0f|S:^-r 
0SS0. 

[06] (a)|JPMOSh7VyX^<i^7 
X^y^-y^^^Fffi0. ( b ) <±*ftco»rffi0. 

[^COSJB^] 

1 mmmm (mi . m2comm) , 2 (m 
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2, micr>n®M) , 3 JgmsKSL 4 Jii^Sfiu 1 
1 3510*1. 12 ^2c?Dffl, 13 SS3CDiffi, Qi 
~Q 9 Sl«MOSh7yy'X^, Q n , Q 12 , Q 13 
S2^)MOSN7y^^, Q 21 , Q 22 . Q 23 S3 



CDMOS b-5>-^^. Q 30 ^4<OMOS 
*\ R ( — R 9 , R u , Ri 2 , R 13 y— J*J£fiu sw, 
~sw 9 X>f 7 f, OUT ffi*«HF. 



[01 ] 



i;R, :|R. Ik. B,,i! fRu R<: R«: R«: 
9. [fl» LS> 8 ii &!> a l Q J Q t 



<3»i Qaa' r~i 



12 




OUT 



GND 



l:SttflM 1 ©mftBO Q,-^: SIXMOS h5>i?X* 
4 : E&fr&St Q.o : §14 ©MO S h ^ 

12 : mzmotimmftm r..,r«, : v-xaft 

sw t ~sur T : X^^f • 



[03] 




Tr! | i. l it it i in |u lu ~|u [TT 

Qi ill Qi i J | 



Bi 



Vref 

! r4 



»OUT 



R«! 



R,: 



^3 
2-JL GND 




(a) 



(b) 



[06] 



w 



S L D 



S G p 



1 : S^«2R (fg2COfSffiffiO 

2 : £ *6 ^ (38 1 <7)m{fi[«) 
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[H43 



•Hi i;E, SR S R.J'SR. SR. i'H, R..::!;Ri i|R, i |R. Ri» : 
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